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Target strength measurements in situ of cod fry have been made using 38 and 120 kHz split 
beam echo sounders. Two data sets are sampled in essentially pure, evenly sized, cod 
concentrations, one in a Ullsfjord, Northern Norway, and the other one in Parisvatnet, a closed 
270.000 m3 saltwater basin used for production of cod fry. The average length of the two cod 
populations were 5.1 and 3.1 cm, respectively. The target strengths measured are significantly 
lower than the values obtained if extrapolating the target strength to length relation used for 
larger cod towards small fish. The target strength measured at 120kHz is lower than at 38 
kHz. Details on measurement procedures, biology and analysis are reported. 
INTRODUCTION 
The annual 0-group surveys in the Barents Sea and adjacent waters provide information on 
distribution, abundance and biological parameters of several important fish species. Indices 
of abundance are computed using the catch per unit effort data from a more or less fixed grid 
of sampled stations covering the usual distribution area of 0-group fish, Anon (1992). The 
pelagic trawls used during the survey are described by God~ et al. (1993). Acoustic data are 
collected during the survey, and attempts have been made to compute the absolute abundance 
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o f  s o m e  i m p o r t a n t  s p e c i e s ,  l i k e  c o d  ( N a k k e n  e t  a l .  1 9 9 4 ) ,  a c o u s t i c a l l y .  T h e  c o n v e r s i o n  o f  
e c h o  i n t e g r a t o r  d a t a  t o  f i s h  d e n s i t y  h a v e  p r o v i s i o n a l l y  b e e n  m a d e  b y  u s i n g  t h e  t a r g e t  s t r e n g t h  
o b t a i n e d  w h e n  e x t r a p o l a t i o n  t h e  t a r g e t  s t r e n g t h  t o  l e n g t h  r e l a t i o n  f o r  l a r g e r  c o d :  
T S  =  2 0  l o g L - 6 8  [ d B ]  
t o  t h e  l e n g t h s  o f  t h e  0 - g r o u p  c o d .  T h i s  e x t r a p o l a t i o n  i s  l i k e l y  t o  b e  b i a s e d ,  a n d  d i r e c t  t a r g e t  
s t r e n g t h  d a t a  w a s  n e e d e d  t o  i m p r o v e  t h e  a c o u s t i c  a b u n d a n c e  e s t i m a t e .  
O n  t h e  s t a n d a r d  0 - g r o u p  s u r v e y ,  h o w e v e r ,  p u r e  c o n c e n t r a t i o n s  o f  o n e  s p e c i e s  s e l d o m  o c c u r ,  
a n d  t h e  s a m p l i n g  t r a w l  u s e d  h a v e  b e e n  s h o w n  t o  b e  s i z e  s e l e c t i v e  (  G o d S ! )  e t  a l .  1 9 9 3 ) .  I t  h a s  
t h e r e f o r e  o f t e n  b e e n  d i f f i c u l t  t o  o b t a i n  s p e c i e s - s p e c i f i c ,  r e l i a b l e  T S  d a t a  o n  0 - g r o u p  f i s h  
d u r i n g  t h e  s u r v e y  i t s e l f .  I n  t h i s  p a p e r ,  n e w  t a r g e t  s t r e n g t h  d a t a  o n  0 - g r o u p  c o d ,  c o l l e c t e d  
u n d e r  n e a r l y  i d e a l  c o n d i t i o n s  f o r  d i r e c t  m e a s u r e m e n t s ,  a r e  p r e s e n t e d .  
M A T E R I A L  A N D  M E T H O D S  
T h e  m e a s u r e m e n t s  w a s  c o n d u c t e d  u s i n g  S i m r a d  E K - 5 0 0  s p l i t  b e a m  e c h o  s o u n d e r s .  T h e  f i r s t  
d a t a  s e r i e s  w a s  c o l l e c t e d  i n  J u n e  1 9 9 1 ,  a t  P a r i s v a t n e t ,  a  c l o s e d  2 7 0 0 0 0  m
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s a l t w a t e r  b a s i n  u s e d  
b y  I M R ,  B e r g e n  f o r  p r o d u c t i o n  o f  c o d  f r y  ( B l o m  e t  a l .  1 9 9 1 ) .  T h e  e c h o  s o u n d e r  w a s  
c o n n e c t e d  t o  a  1 2 0 k H z  s t a t i o n a r y  t r a n s d u c e r  o n  a  f i x e d  r a f t  i n  t h e  d e e p e s t  p a r t  o f  t h e  b a s i n ,  
8  m ,  c o l l e c t i n g  t a r g e t  s t r e n g t h  d a t a  b e t w e e n  2  a n d  7  m e t e r s  a s  t h e  f r y  p a s s e d  t h e  a c o u s t i c  
b e a m .  T h e  a u t o m a t i c  f e e d e r s  i n  t h e  p o n d  w a s  s t o p p e d  4  h o u r s  p r i o r  t o  t h e  m e a s u r e m e n t s .  A  
t a r g e t  t r a c k i n g  p r o g r a m ,  ( O n a  & .  H a n s e n  1 9 9 1 ) ,  r u n  o n  a  p o r t a b l e  c o m p u t e r  c o l l e c t e d  t h e  
t a r g e t  s t r e n g t h  a n d  a n g u l a r  d a t a  a v a i l a b l e  o n  t h e  s e r i a l  o u t p u t  o f  t h e  s o u n d e r .  I n d i v i d u a l  l e n g t h  
a n d  w e i g h t  o f  t h e  f i s h  w a s  m e a s u r e d  f r o m  a  d i p n e t  c a t c h  t a k e n  t h r e e  d a y s  a f t e r  t h e  a c o u s t i c  
m e a s u r e m e n t s .  T o t a l  l e n g t h  o f  t h e  f i s h  w a s  r e c o r d e d .  
T h e  s e c o n d  d a t a  s e r i e s  w a s  c o l l e c t e d  m a i n l y  a t  3 8  K h z  i n  U l l s f j o r d ,  ( 6 9 ° 5 1 '  N ,  1 9 ° 5 4 '  E )  
f r o m  R / V  " M i c h a e l  S a r s "  i n  J u l y  1 9 9 2 .  T h e  0 - g r o u p  w a s  s a m p l e d  w i t h  t h e  t h r e e  l e v e l  p e l a g i c  
t r a w l  ( G o d S ! )  &  V a l d e m a r s e n ,  1 9 9 3 ) .  A  t o t a l  o f  1 2  s e p a r a t e  t r a w l  h a u l s  w e r e  t a k e n  a t  t h e  s a m e  
l o c a t i o n ,  e a c h  c o v e r i n g  a  d e p t h  r a n g e  o f  1 5  m e t e r s ,  s p l i t  v e r t i c a l l y  i n  t h r e e  b y  t h e  l e v e l l e d  
t r a w l .  T h r e e  s u c c e s s i v e  h a u l s  t h e n  c o v e r e d  t h e  f u l l  d e p t h  d i s t r i b u t i o n  o f  c o d  l a r v a e ,  0 - 4 5  
m e t e r s .  T h e  s t a n d a r d  l e n g t h ,  S L ,  o f  t h e  f i s h  w a s  m e a s u r e d  i n  m i l l i m e t e r s ,  a n d  t h e  t o t a l  w e i g h t  
o f  e a c h  s a m p l e  m e a s u r e d  i n  g r a m s .  I n  o n e  s a m p l e ,  b o t h  s t a n d a r d  a n d  t o t a l  l e n g t h  o f  c o d  w a s  
r e c o r d e d ,  a n d  t o t a l  l e n g t h  w a s  l a t e r  c o n v e r t e d  f r o m  t h e  o b t a i n e d  r e l a t i o n :  
S L ( m m )  =  0 . 9 4 1 x T L ( m m )  - 1 . 2 6 1  ( N = 3 3 1 ,  r  =  0 . 9 9 7 )  
T h e  i n  s i t u  T S  m e a s u r e m e n t s  w a s  m a d e  m a i n l y  w i t h  t h e  E K - 5 0 0  3 8 k H z  e c h o  s o u n d e r ,  b u t  
a l s o  i n c l u d e d  a  c o m p a r a t i v e  m e a s u r e m e n t  a t  1 2 0  k H z .  T h e  e c h o  s o u n d e r s  a t  b o t h  l o c a t i o n s  
w e r e  c a l i b r a t e d  w i t h  r e s p e c t  b o t h  t o  s e n s i t i v i t y  a t  a c o u s t i c  a x i s  a n d  b e a m  d i r e c t i v i t y  u s i n g  
s t a n d a r d  t a r g e t s ,  C U  6 0  m m  a t  3 8  k H z  a n d  W C 3 8 . 1  a t  1 2 0  k H z ,  a c c o r d i n g  t o  O n a  ( 1 9 9 0 ) .  
A  l o w e r  t h r e s h o l d  o f  - 7 8  d B  w a s  u s e d  d u r i n g  t h e  m e a s u r e m e n t s ,  c o m b i n e d  w i t h  a  b e a m  
t h r e s h o l d  o f  - 6 . 0  d e g r e e s .  D u r i n g  p r o c e s s i n g ,  a  b e a m  c u t o f f  a n g l e  o f  3 . 0  d e g r e e s  w a s  l a t e r  
a p p l i e d  t o  r e m o v e  d a t a  i n  t h e  o u t e r  p a r t  o f  t h e  b e a m .  T h e  t r a n s m i t t e d  p u l s e  l e n g t h  w a s  0 . 3  
a n d  1 . 0  m s e c  a t  1 2 0  a n d  3 8  k H z  r e s p e c t i v e l y ,  a n d  t a r g e t s  w i t h  a  r e c e i v e d  p u l s e  l e n g t h ,  
m e a s u r e d  a t  t h e  - 6 . 0  d B  l e v e l ,  t o  b e  w i t h i n  8 0 %  a n d  1 3 0 %  o f  t h e  n o m i n a l  p u l s e  l e n g t h ,  w a s  
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accepted as single targets. The tracking program further accepted the target strength data if 
the target could be tracked over at least five successive transmissions. The average fish 
density was 0.02 fish per pulse volume in Ullsfjord and about 0.01 fish per pulse volume in 
Parisvatnet. 
RESULTS 
The conditions for direct target strength measurements in the two selected periods were nearly 
ideal with respect to density, size distribution and species mixture. Examples of echo 
recordings from the two series are shown in Fig. 1. In the closed basin, the fry was swimming 
through the acoustic beam at low speed, tracked to about 5 cm/sec. at depths between 2 and 
7 meters. In the evening between June 9 and June 10, a total of 3396 accepted target strengths 
were collected and analyses. The average length of the fish in the pond was 5.1 cm, SD = 
0.72 cm, Table 1. The weight to length relation of the fish is shown in Fig.3. Average target 
strength for the two data series collected within the pond at 120kHz were -55.1 dB for the 
first series and -57.1 dB for the second series. 
The main concentration of cod 0-group in Ullsfjord occurred between 15 and 25 m, Fig 1. 
The target strength data was sampled from the hull mounted transducers, with the vessel 
slowly moving or partly drifting over the distribution. The 0-group cod found in Ullsfjord was 
significantly smaller than the 0-group measured outside the coast at the same survey, and 
probably originates from a late local spawning stock within the fjord. The average length was 
3.2 cm, SD=0.59 cm, Table 1. The length distribution of the 1139 0-group cod caught in the 
trawl is shown in Fig. 2. A total of 8697 target strength measurements were accepted as valid 
at 38kHz from Ullsfjord, varying between measurements series from -58.2 dB to -60.4 dB, 
(Table 2). A small data material was collected simultaneously at 38 and 120kHz in order 
to compare the target strength distributions. (Table 3.) A distinct target strength difference 
was found in this set between the two frequencies, the 0-group at 38 kHz giving on the 
average 2. 7 dB higher target strength than at 120 kHz. 
DISCUSSION 
The target strength of 0-group fish seems in general to be lower than the values obtained 
when extrapolating the target strength to length relation used at 38 kHz for larger cod. The 
constant term in the target strength to length relation, b20 , assuming a 20 log L length 
dependency, varies at 38kHz between 68.1 and 70.4, Table 2. If all measurements at 38kHz 
are pooled and weighed with respect to the number of measurements in each series, the 
estimated constant, b20= 69.9. As variations in the order of 1 dB occur between data series, 
a suggested working equation at 38kHz for 0-group cod between 3 and 10 cm from this 
investigation is: 
TS = 20logL -70 [dB] 
The measurements at 120 kHz indicate a lower constant term than for 38 kHz, both in the 
basin data, and from Ullsfjord. 
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I n t r i n s i c  e r r o r s  i n  t h e  m e a s u r e m e n t  m e t h o d o l o g y  i s  j u d g e d  t o  b e  w e l l  w i t h i n  t h e  o b s e r v e d  
b e t w e e n  s e r i e s  v a r i a b i l i t y .  W h e n  u s i n g  a  f i v e  p a r a m e t e r  m o d e l  t o  f i t  t h e  m e a s u r e m e n t s  o f  t h e  
c a l i b r a t i o n  s p h e r e  w i t h i n  t h e  l i m i t s  o f  t h e  a n g l e  d e t e c t o r s ,  a s  s u g g e s t e d  b y  O n a  ( 1 9 9 0 ) ,  t h e  
r e s i d u a l  e r r o r  b e t w e e n  m e a s u r e m e n t s  a n d  m o d e l  i s  s m a l l e r  t h a n  w h e n  u s i n g  t h e  i n t e r n a l  E K -
5 0 0  b e a m  c o m p e n s a t i o n  a l g o r i t h m .  T h e R M S  o f  t h e  r e s i d u a l s  w e r e  0 . 1 2  a n d  0 . 1 6  d B  a t  3 8  
a n d  1 2 0 k H z  r e s p e c t i v e l y  w i t h i n  t h e  3 . 0  d e g r e e  c u t o f f  a n g l e s  o f  t h e  t r a n s d u c e r s  u s e d .  
T h r e s h o l d  e r r o r s  m a y  o c c u r  w h e n  t r y i n g  t o  m e a s u r e  l o w  t a r g e t  s t r e n g t h s  a t  t h e  b o r d e r  o f  t h e  
b e a m  a t  l o n g  r a n g e .  I n  P a r i s v a t n e t ,  t h e  t a r g e t  s t r e n g t h s  s a m p l e d  a t  t h e  b o r d e r  w a s  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t a r g e t  s t r e n g t h s  s a m p l e d  i n s i d e  1  d e g r e e  o f f  a c o u s t i c  a x i s ,  w h i l e  
a  s l i g h t  t h r e s h o l d  e f f e c t  w a s  o b s e r v e d  o u t s i d e  4  d e g r e e s  i n  t h e  U l l s f j o r d  d a t a .  A  b e a m  
t h r e s h o l d  o f  3 . 0  d e g r e e s  w a s  l a t e r  a p p l i e d  t o  a l l  d a t a  i n  o r d e r  t o  m i n i m i z e  t h i s  e f f e c t .  
A l s o  a  t h r e s h o l d  p r o b l e m ,  a s  s e e n  i n  t h e  t a r g e t  s t r e n g t h  d a t a  f r o m  U l l s f j o r d ,  i s  t o  d e c i d e  
w h e r e  t h e  m i n i m u m  t a r g e t  s t r e n g t h  f o r  t h e  0 - g r o u p  s h o u l d  b e  s e t .  S i n c e  t h e  d i r e c t i v i t y  o f  t h e  
f i s h  i s  l o w  a t  3 8  k H z ,  t h e  w e a k e r  t a r g e t  s t r e n g t h s  r e g i s t e r e d  m a y  o r i g i n a t e  f r o m  s m a l l e r  
o r g a n i s m s  i n  t h e  w a t e r  c o l u m n .  O n l y  a t  e x t r e m e  t i l t  a n g l e s ,  h e a d  u p  o r  h e a d  d o w n ,  t a r g e t  
s t r e n g t h s  o f  0 - g r o u p  f i s h  b e l o w  - 7 0  i s  e x p e c t e d .  M o d e l l i n g  o f  0 - g r o u p  s w i m b l a d d e r  
d i r e c t i v i t y  m a y  b e  u s e d  t o  b e t t e r  d e c i d e  o n  w h e r e  t o  c u t  t h e  l o w e r  e n d  o f  t h e  t a r g e t  s t r e n g t h  
d i s t r i b u t i o n .  A  s t r o n g  i n d i c a t i o n  o f  w h e r e  t h i s  l i m i t  s h o u l d  b e ,  i s  h o w e v e r  a p p a r e n t  i n  t h e  
P a r i s v a t n e t  d a t a ,  w h e r e  n o  t a r g e t s  b e l o w  - 7 0  d B  w a s  m e a s u r e d .  T h e  r a r e d  c o d  i s  m a i n l y  f e d  
b y  p e l l e t s ,  b u t  a l s o  o n  t h e  n a t u r a l l y  o c c u r r i n g  p l a n k t o n  o r g a n i s m s  i n  t h e  p o n d .  A t  t h i s  s t a g e  
o f  t h e  p r o d u c t i o n  t h e  d e n s i t y  o f  n a t u r a l l y  o c c u r r i n g  p l a n k t o n  i s  h o w e v e r  l o w ,  d u e  t o  t h e  l a r g e  
n u m b e r  o f  c o d  f r y  i n  t h e  p o n d ,  t o t a l l y  3 1 8  0 0 0  s o m e  w e e k s  l a t e r ,  w h e n  t h e  p o n d  w a s  f i s h e d  
o u t .  A s  t h e  a v e r a g e  t a r g e t  s t r e n g t h  i s  c o m p u t e d  i n  t h e  l i n e a r  d o m a i n ,  a  r e m o v a l  o f  t h e  d a t a  
b e l o w  - 7 0  d B  f r o m  t h e  U l l f j o r d e n  d a t a  w i l l  o n l y  h a v e  a  m o d e r a t e  e f f e c t  o n  t h e  a v e r a g e  t a r g e t  
s t r e n g t h ,  a n d  t h e  c o n c l u s i o n  f r o m  t h i s  i n v e s t i g a t i o n  r e m a i n .  
M o r e  t a r g e t  s t r e n g t h  d a t a  o n  f i s h  o f  t h i s  s i z e  i s  n e e d e d  i f  a b s o l u t e  a c o u s t i c  a b u n d a n c e  
e s t i m a t e s  o f  0 - g r o u p  f i s h  i s  r e g a r d e d  a s  a  r e a l i s t i c  r e s e a r c h  o b j e c t i v e .  I f  c u r r e n t  t a r g e t  
s t r e n g t h s  a t  3 8  k H z  a r e  u s e d  f o r  c o m p u t a t i o n  o f  0 - g r o u p  c o d  a b u n d a n c e  i n  t h e  B a r e n t s  S e a  
a n d  a d j a c e n t  w a t e r s  i n  1 9 9 2  a n d  1 9 9 3 ,  t h e  a b u n d a n c e  c o m p u t e d  p r o v i s i o n a l l y  ( N a k k e n  e t  a l .  
1 9 9 4 )  s h o u l d  b e  i n c r e a s e d  b y  a  f a c t o r  o f  1 . 5 8 ,  t o  1 6 9 · 1 0
9  
a n d  1 3 3 · 1 0
9  
f o r  t h e  t w o  y e a r s  
r e s p e c t i v e l y .  
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Table 1. Biological data, length measurements. 
I 
SAMPLE 
I 
N 
I 
Date 
I 
Mean 
I 
SD(L) 
I length(cm) 
Parisvatnet 329 130691 5.06 0.721 
Ullfjord 1139 240792 3.14 0.587 
*Parisvatnet: w = 0.007 L3.24s 
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Table 2. Results of the target strength measurements. Ullsfjord 1-10, 38 kHz. 
SAMPLE N Date < TS > 
(tracks) Time (dB) 
Parisvatnet 1 1620 090691 -55.1 
120kHz (270) 2000-2300 
Parisvatnet 2 1776 090691 -57.1 
120kHz (296) 100691 
2300-0200 
Ullfjord1 1744 240792 -60.4 
0230-0300 
Ullfjord 2 1374 0300-0330 
-60.2 
Ullsfjord 3 973 0330-0400 
-60.5 
Ullsfjord 4 1261 0400-0430 
-59.8 
Ullsfjord 5 1180 0430-0500 -60.2 
Ullsfjord 6 734 0500-0530 -60.0 
Ullsfjord 7 368 0542-0550 
-59.9 
Ullsfjord 8 291 0600-0612 
-58.2 
Ullsfjord 9 463 0612-0618 
-59.6 
Ullsfjord 10 309 0618-0624 
-59.7 
Table 3. Target strength comparison at 38 and 120 kHz in 
Ullsfjord, collected simultanously. 
I 
Vessel I NJs I <TS,.> I NI20 <TS 120> 
I 
log 
I 6254 332 -60.2 290 -61.7 
6255 329 -60.8 452 -62.9 
6256 256 -60.1 454 -64.5 
6257 253 -60.9 442 -64.1 
6258 354 -59.9 449 -63.4 
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Fig. 2. 
Length distribution of 0-group cod in Parrisvatnet (A) 
and in Ullsfjord (B). 
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Fig. 3. 
Length-to-weigth relation for 0-group cod 
in the Parrisvatnet basin. L-cm, w - gram. 
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Target strength of 0-group cod from Parrisvatnet(A & B) 
and from Ullsfjord (C). 
